Abstract. A coccidium of the genus Cryptosporidium, previously unreported in simians, was observed in two juvenile Rhesus monkeys. The organisms were restricted in one to the epithelium of the common bile, intrahepatic and pancreatic ducts and gall bladder and in the other to the epithelium of the small and large intestines. Epithelial hyperplasia and mucosal inflammation were common histologic features. Small bulbous enlargements that might be misinterpreted as cryptosporidia projected from the epithelial cells of some gall bladders of noninfected monkeys.
Cryptosporidium muris was described by TYZZER [9] in 1907 and designated in 1910 as the type species of a new genus for which the generic character was an oocyst with four naked sporozoites [lo] . The life cycle was described as extracellular. Cryptosporidium parvum, described by TYZZER in 1912, was differentiated by habitat in that it was limited to the epithelium of the small intestine whereas C. muris was limited to the gastric glands [ll] .
In 1966, HAMPTON and ROSARIO [2] showed that C. parvum is an intracellular parasite. The endogenous life cycle of a second Cryptosporidium was described by VETTERLING et al. [13] in their report on the ultrastructure of the tissue stages of Cryptosporidium wrairi. On this basis, VETTERLING et al. [12] modified the generic description of Cryptosporidium. They considered intracellular development in the striated border of epithelium to be the significant character. They also believed that the free sporocyst of Isospora was mistakenly identified as Cryptosporidium by other workers.
Clinical disease or microscopic lesions were not associated with cryptosporidiosis until SLAVIN [7] described a syndrome in turkeys. Although he acknowledged the presence of five additional parasites (protozoa and nema-todes) in the flock of 10-to 14-day-old birds, he attributed diarrhea and low mortality to Cryptosporidium meleagridis. JERVIS et al. [3] reported a shortening and thickening of villi and an infiltration of the lamina propria in the ileum of guinea pigs infested with C. wrairi. A clinical syndrome was not described.
This paper reports two cases of cryptosporidiosis in Rhesus monkeys and describes a cellular structure in a noninfected monkey which might be misinterpreted as cryptosporidia.
Materials and Methods
Specimens were fixed in 10% formalin buffered to pH 7.2 with 0.1 M phosphate, trimmed, embedded in paraffin, sectioned at 6 pm and stained with hematoxylin and eosin (HE) or Giemsa stains. Representative slides were processed in periodic acid-Schiff (PAS) reagent [5] . Formalin-fixed tissues selected for electron microscopy were fixed in 1% osmium tetroxide in Millonig's buffer, embedded in Epon 812, sectioned on a Sorvall MT2 ultramicrotome, stained with uranyl acetate, and viewed in an RCA EMU-3G microscope. Plates were taken at magnifications of 3,000 to 10,000 and enlarged photographically.
Results

Case I
A juvenile female monkey had undergone a 3-month quarantine with standardized procedures that are published elsewhere [ 141. After quarantine, she became part of an experimental group of monkeys and was given orally 3 pg of staphylococcal enterotoxin per kilogram body weight. Other monkeys that received this dose had a brief period of emesis but this monkey did not. After the observation period, this animal developed persistent diarrhea that responded slowly to symptomatic treatment. Pneumonia developed, and antibiotic therapy was instituted. Two days later the monkey was found comatose and was killed with an intravenous dose of barbiturate. The interval between administration of the enterotoxin and death was 16 days.
At necropsy the monkey was thin and dehydrated. When the thoracic cavity was opened, the lungs failed to collapse. Severe consolidation involved the azygous lobe and a major portion of the diaphragmatic lobes. The trachea and larger bronchi contained abundant, frothy, cloudy, tenacious exudate. The gall bladder was empty, and there was a small firm nodule that seemed to encircle the common bile duct about 1 cni from the choledochoduodenal junction. With the exception of the biliary tract, there were no lesions in the abdominal organs. The lungs, liver, pancreas, gall bladder, common bile duct, duodenum and adrenal glands were the only tissues examined histologically.
The mucosa of the common bile duct was folded, and the lamina propria was thickened by fibrous connective tissue and a mixed infiltration of inflammatory cells ( fig. 1 ). The crypts were dilated, and some contained mucus, cellular debris, and neutrophils. The epithelium was focally eroded. In some areas, the basal polarity of nuclei was lost and mitoses were frequent. Numerous organisms interpreted to be cryptosporidia were intimately associated with the luminal surface of the epithelium ( fig. 2 ). Most were approximately 2 pm in diameter. At high-dry magnification ( x 450), they were easily seen in HE-stained sections. The cytoplasm was weakly eosinophilic, and a small inner structure (nucleus) was identified in many. With Giemsa stain, the organism was a homogenous deep blue. A few coccidia appeared as a ring with a deeply stained inner structure. Only the wall of some of the protozoa reacted with the PAS reagent. The major intrahepatic bile ducts were more prominent than normal ( fig. 3) . The mucosa was thrown into folds ( fig. 4 ). Occasional crypts were filled with purulent exudate. Polarity of the epithelial cells was irregular, and mitoses were frequent. The periductal connective tissue was increased and was accompanied by mononuclear cells in some areas. Numerous cryptosporidia studded the luminal surface. Slight biliary hyperplasia and severe chronic pericholangitis were characteristic of small intralobular bile ducts. The gall bladder was only slightly affected. Some of the crypts were filled with mucus. The epithelium of one crypt was heavily parasitized with cryptosporidia. The lamina propria near this crypt was moderately infiltrated with lymphocytes and plasma cells. The lesion of the duodenum was characterized by an increase in mononuclear cells in the lamina propria and an occasional gland that was distended with neutrophils and cellular debris. No parasite was seen in several sections examined.
The pancreas near the common bile duct had undergone lobular atrophy. Pancreatic acini in affected lobules were depleted, and the remaining glands were dilated and lined by flattened epithelial cells. The perilobular and intralobular connective tissue was excessive, and leukocytes, primarily lymphocytes and plasma cells, were numerous in these same areas. The epithelium of the larger ducts was hyperplastic, and the lumina of some contained neutrophils and cellular debris ( fig. 5) . A few cryptosporidia were seen on the luminal surface of ductal epithelial cells. The only additional significant finding was severe purulent bronchopneumonia. Cocci and diplococci were demonstrated in the purulent exudate.
Cryptosporidia found with the electron microscope in the mucosa of the common bile duct were situated at the luminal border of epithelial cells ( fig. 6) . The coccidia were intracellular and surrounded by a double membrane of the host cell. In some instances, the cytoplasm of the host cell extended between these membranes to form a partial cuff around the parasite. There were no microvilli on parasitized cells. Trophozoites and schizonts were the only developmental stage seen in the parasitic life cycle. Some schizonts had as many as eight merozoites. 
Case 11
This juvenile Rhesus monkey was part of a group of monkeys recently introduced into the conditioning and quarantine colony. These animals were receiving prophylactic parenteral injections of penicillin. No clinical illness was observed prior to finding the animal comatose in its cage. The monkey was killed with an intravenous dose of barbiturate and necropsied immediately.
At necropsy the animal was emaciated, and the only lesion observed was a small granuloma of a mesenteric lymph node. Representative tissues were taken for histological examination from all organ systems except the central nervous system, eye, and reproductive tract. Coccidia similar to those described in case I were detected histologically in the duodenum, jejunum, ileum, cecum and colon. In the duodenum, the lymphoid follicles of the lamina propria and submucosa were reactive and prominent. Moderate numbers of lymphocytes, plasma cells, and macrophages as well as congested vessels were noted in the lamina propria. A reactive epithelium, evidenced by excessive epithelial shedding at the extrusion zone ( fig. 7 ) and a high mitotic index, was a salient feature. Crypto- sporidia in moderate numbers were noted at the tips of the villi and midway down the crypts in close association with the luminal surface of epithelial cells. Individual epithelial cells were necrotic at various levels of the crypt. There were accumulations of neutrophils and cellular debris in occasional crypts. No lesion or protozoa were found in the duodenal ampulla or Brunner's glands. The villi in the jejunum and ileum were short and broad ( fig. 8) , and the lamina propria had a moderate infiltrate of cells similar to that described for the duodenum. Epithelial hyperplasia, necrosis of individual cells, and numerous cryptosporidia were observed from the tips of villi to the base of the crypts ( fig. 9 and 10 ). An occasional crypt contained neutro- A mild typhlitis, characterized by a moderate infiltrate of round cells in the lamina propria and a mild hyperplasia of epithelium, was detected in the cecum. Small numbers of cryptosporidia were limited to the surface epithelium. A few cryptosporidia adhered to the epithelial surface of the colon. No lesion was detected.
Electron microscopy showed cryptosporidial trophozoites and schizonts in the luminal border of epithelial cells of the ileum. The microvilli of epithelial cells were distorted and elongated ( fig. 11 ). Coccidia were numerous, and it was not uncommon to find two parasites within a single cell ( fig. 12) .
Case 111 This case is included to illustrate an observation that can be misleading in the diagnosis of cryptosporidiosis. The clinical history and other data have no direct bearing. In an HE-stained section, cryptosporidia can be confused with small, bulbous, cytoplasmic extrusions that project from the luminal surface of the epithelium of bile and pancreatic ducts and gall bladder in the monkey ( fig. 13) . When cut tangentially, these projections appeared separate froin the cell and when stained with HE were similar in size and tinctorial characteristics to those of cryptosporidia. The Giemsa stain was useful in their differentiation. Most bulbous projections appeared ring-like, whereas the majority of cryptosporidia stained a homogenous deep blue. The PAS reaction was similar in cryptosporidia and the cytoplasmic projection. The latter could be differentiated in electron micrographs ( fig. 14) . 
Discussion
Either cryptosporidial infections are rare, or the paucity of reports on this parasitism may be attributed to the inability to diagnose infections in the living animal or to differentiate between parasitic and normal structures or debris in tissue section. In monkeys, the small bulbous enlargements seen projecting from unaffected epithelial cells of the biliary system and pancreatic ducts might cause a pathologist to later overlook the more significant cryptosporidia.
In our study the identification with the light microscope of cryptosporidia in tissue section was aided by staining replicate sections with HE and Giemsa. HE staining permitted clear delineation of the protozoa and recognition of a delicate inner structure. Giemsa usually stained the protozoa a homogenous deep blue. We feel that the PAS reaction varied because only the intracellular stages are surrounded by the microvillar membranes, which contain a glycoprotein [6] .
The prominent epithelial hyperplasia and related inflammation of the common bile duct, pancreatic and intrahepatic bile ducts, seen in case I, were clearly associated with the presence of cryptosporidia. Epithelial hyperplasia was a reaction of gastric epithelium of mice in the original description of Cryptosporidium [ 101. Biliary hyperplasia has been well documented for Eimeria steidae of rabbits [8] and a morphologically similar coccidium of mink [l] .
The organisms were extremely numerous in the ileum and jejunum of the monkey in case I1 and at all levels of the gland. These coccidia disrupted the microvillar border at the point of localization and may have interfered with absorption of metabolites [2, 131. VETTERLING et al. [13] have presented data that indicate the parasite obtains its nourishment directly from the host cell with exchange of metabolites occurring at the attachment zone. The parasite and the host may therefore be competing for nourishment at the level of the intestinal mucosa with at least some detriment to the host. Marked regeneration of epithelium in our material suggests a compensatory increase in absorption surface or an overresponse in replacement of injured or nonviable cells.
Unfortunately, not all areas of the digestive tract were available for study in case I; however, no cryptosporidia were detected in several sections of the duodenum. Conversely, in case I1 all areas of the digestive tract were examined, and no lesion was detected in the common bile duct, gall bladder or intrahepatic and pancreatic ducts. Although cryptosporidia were morphologically identical, area specificity in the digestive tract might indicate they represent distinct species within the genus Cryptosporidium. TYZZER [lo, 111 used area specificity after serial passage as the basis for speciation in mice. VETTERLING et aZ. [12] were also unable to establish infections with C. wrairi in species other than the guinea pig. These limited studies suggest that cryptosporidia may be species specific as well as area specific, like most other members of the sub-order Eimeriorina [4] . Unequivocal speciation of these cryptosporidia in monkeys awaits the identification of additional cases and the establishment of experimental infections so that cross-immunity and serial transmission studies can be made.
